ABSTRACT The purpose of this study was to determine whether grain handlers underwent workrelated changes in their pulmonary function and, if so, to examine the dose-effect relationships with dust exposure. The pulmonary function of grain handlers was measured at the beginning and end of work shifts over a period of one week, during which their exposure to dust was measured daily. The results showed changes indicative of a within-day obstructive change, in addition to a small restrictive defect occurring over the course of a week. Civic outside labourers who were examined as a control group showed a similar within-week obstructive change without any associated restriction of lung volume. The data on the grain handlers were also used to examine the dose-effect relationships of dust exposure, both on baseline pulmonary function and on within-day changes in these measurements. The baseline flow rates of workers who did not wear a mask were found to vary inversely with their average exposure to respirable dust. In addition, the flow rates underwent a within-day decrease that varied directly with their corresponding exposure to respirable dust and was unrelated to mask wearing. The median of the slopes for this relationship indicated that 50% of the subjects had a decrease of at least 923 mi/s in the value of their VmaX5O%VC for each 1 mg/i3 increase in the concentration of respirable dust. Nonrespirable dust did not have a measurable effect either on the baseline or the within-day changes in pulmonary function. The acute changes were unaffected by age, duration of employment, or extent of smoking.
respirable dust did not have a measurable effect either on the baseline or the within-day changes in pulmonary function. The acute changes were unaffected by age, duration of employment, or extent of smoking.
The effects on health of employment as a grain handler have been examined mainly in crosssectional studies,1 5 which are best suited for the detection of chronic changes. The results obtained have shown a small excess of symptoms of bronchitis and a slight decrease in flow and volume variables of pulmonary function. Only one previous study has inquired into the possible presence of short-term health effects,2 and none has dealt with the issue of dose-effect relationships. The purposes of the following studies were to examine the pulmonary function and the dust exposure of grain handlers within shifts and during a week of work and to clarify the nature of any dose-effect relationships found.
Materials and methods
The data on the grain handlers described in this Received history, and other information. ' 6 Workers of varying levels of seniority were selected by the superintendent from all operational areas of the elevator, based on the feasibility of releasing them from their duties at the required times. All workers were otherwise equally eligible, and the agreement for them to participate in the study was obtained through a process of informed consent. A total of 47 grain handlers was examined, representing about 25% of the staff of one elevator (pool 4).
The tests performed on the grain workers included maximal expiratory flow volume curves obtained at the beginning and end of the 0800 to 1600 work shift on Monday, Wednesday, and Friday of a given week. Also, lung volumes were estimated at the beginning of the work shift on Monday and at the end on Friday. The subjects were asked to undergo all pulmonary function tests in a given week, and 47 subjects were studied over four weeks. Each subject wore a personal dust monitor for the full shift on all five days of the same week.
During June and July 1977, we also examined 15 civic outside labourers who were members of the divisions of sanitation (11), roads (2) , and sewage and water (2) . These subjects were providing flow volume curves and lung volume measurements on Monday mornings as one aspect of a large crosssectional study ' and were asked to repeat the same procedure on Friday morning of the same week. No measurements were made of their associated dust exposure.
Maximal expiratory flow volume curves breathing air were carried out with a wedge spirometer equipped with a one-second time marker and a direct writing X-Y recorder as described previously. ' 6 Replicate curves for a given subject were superimposed, and the manoeuvre was repeated until two tracings were obtained that corresponded within 5% both for forced vital capacity (FVC) and for flow over the lower 70% of vital capacity. The best of the two superimposed curves (based on acceptable effort, with the largest VC and flow rate) was used to measure the FVC, the forced expiratory volume in one second (FEV1), and flow rates at 50% and 25% of the vital capacity (Vmax50%vc and Vmax25%vc).
The results were expressed in BTPS as a percentage of the age-height predicted values, using the formula of Goldman and Becklake for the FVC, 7 Morris and associates for the FEV1 ,, and Lapp and Hyatt for the Vmaxso%vc and VmaX25%VC-9
The lung volumes were measured by the helium dilution method'0 using a Collins lung analyser, and included the functional residual capacity (FRC), total lung capacity (TLC), and residual volume (RV). These added tests were expressed as a percentage of the values predicted for age and height using the formula of Goldman and Becklake for the FRC, TLC, and RV. 7 The dust exposure of the grain workers was monitored using a Bendix super sampler BDX 44 pump and BDX 99 respirable dust collector (Levitt Safety Ltd, Toronto). The pumps were calibrated with a wet test gas meter and were adjusted to entrain 1-7 litres of air per minute. The rotameters were checked at roughly two-hourly intervals during use and the airflow was readjusted as required. The dust collector consisted of a nylon cyclone (Dorr-Oliver, 10 mm inside diameter) and a cassette containing a mixed cellulose acetate and nitrate filter 37 mm in diameter and having a pore size of 0*8 ,um (Millipore, Toronto). The size-selective characteristics of this cyclone have been described.2 The filters were weighed to an accuracy of + 0-03 mg and were desiccated in the presence of anhydrous calcium sulphate for 24 hours both before and after use. The weight of the filters did not change appreciably if desiccated for longer. The dust collected in the cyclone was desiccated in the same manner before being weighed. The term respirable dust is applied to particles collected on the filter and non-respirable dust to those in the cyclone."I The dust sampling and gravimetric analysis were performed by staff members of Labour Canada.
Statistical analysis of the pulmonary function data was performed by analysis of variance, t test for paired and unpaired data, and by correlation analysis, using the statistical analysis system package. '2 The dose-effect relationships were examined using the Mann-Whitney test for independent comparisons and the sign test and the Wilcoxon signedrank tests for paired comparison. '3 Multivariate relations were estimated by multiple regression analysis. '4 Changes in pulmonary function between two points in time were always calculated by subtracting the value obtained at the earlier point from the later one, yielding a negative value for a decrease and a positive value for an increase; logarithms of the pre-shift and post-shift pulmonary function variables were also calculated, which allowed proportional changes in lung function over the work shift to be measured.
Results
The subjects examined in this study were not selected by a randomising procedure. Nevertheless, their characteristics (table 1) were almost identical to those of a more inclusive group of grain handlers and civic workers that we surveyed in a larger epidemiological study conducted in this community in 1977. ' The average respirable and non-respirable dust exposure of the grain handlers was respectively 0-9 and 5-7 mg/m3 of air (table 2). The number of subjects represented in the daily means was not constant and thus caution must be used in comparing the dust measurements between different days. The change in the FVC and FEV, of the civic workers from Monday to Friday morning were significantly smaller than those of the grain handlers; both comparisons yielded a p value of less than 0*05. The comparison of the corresponding changes in the flow rates of the grain and civic workers were not significantly different.
DOSE-EFFECT RELATIONSHIPS
We examined two different aspects of the relationship between pulmonary function and dust exposure, using the data obtained in the grain handlers. The first was concerned with the correlation between the baseline pulmonary function of the grain workers and their usual dust exposure. The assumption was made in this analysis that the baseline pulmonary function of each subject was reasonably represented by his Monday morning pulmonary function measurements. Similarly, the mean dust exposure of each subject during the week of his study was taken as representative of his usual dust exposure. The second aspect of our interest was concerned with the acute daily effect of grain dust exposure. This was studied by determining the relationship between the daily changes in pulmonary function of each subject and his personal exposure to dust on the same day.
The requirements for inclusion of subjects in analyses relating to the first objective consisted of the availability of flow volume curve and lung volume data on Monday mornings along with dust measurements on Tuesdays, Wednesdays, and Thursdays. Only these three days were used for estimating the usual dust exposure of a given subject, since several measurements were missing for Mondays or Fridays. These criteria were all satisfied by 36 of the grain handlers. For the second objective we required only the flow volume curve data from the beginning and end of a minimum of two work shifts for a given subject. Again, matching measurements of dust exposure were needed on the same days. These criteria were satisfied by 39 workers, of whom 20 had complete data for two shifts and 19 for three shifts.
Masks were worn for up to several hours daily by roughly half of the subjects (table 4) . This practice was treated as a major independent variable in the following analyses in view of the obvious possibility that it might influence the outcome. The subjects who wore a mask were younger and had a shorter duration both of working in an elevator and of smoking than the others. The mask-wearing group had a higher exposure to both respirable and nonrespirable dust, but did not differ from the others in their Monday morning pulmonary function results.
The relationships of dust exposure with baseline Corey, Hutcheon, Broder, and Mintz were significantly greater than zero (p = 0004 and 0-01 respectively). Similar relationships were found when the logarithms of the pre-shift and post-shift pulmonary function data were used to calculate proportional within-day changes in place of the absolute changes used above and also when the percentage of predicted changes in pulmonary function were used.
Multiple regression analysis was used to determine whether the individual slopes were related to mask-wearing, age, duration of employment, extent of smoking, and baseline pulmonary function. No significant relationships were discovered.
We attempted to define a dose-effect relationship between the pooled data for respirable dust exposure and the daily change in the flow rates. The correlation coefficient was found to be -0-049 (p = 0.63) for the VmaxS0%vc and -0*13 (p = 0.21) for the Vmax25%vc. This inability to show a significant dose-effect relationship from the pooled data despite a majority of the individual responses having the same direction of slopes (table 6), was due to a pronounced heterogeneity among the subjects both in the levels of their flow rates and in their exposure to dust.
Discussion
Grain dust is known to be a heterogeneous material '6 This material is considered to be a nuisance dust for which the usual threshold limit value is 10 mg of total dust/M3. '7 The average dust concentrations measured in our study were considerably lower than this threshold limit value (table 2) . Also, our results were moderately lower than those reported by Chan-Yeung et al2 and substantially lower than those described by Farant and Moore'8 and by doPico and his colleagues. 3 The results of several controlled surveys have shown that grain handlers not only have an increased frequency of respiratory symptoms but also measurable differences in pulmonary function. A decrease in flow rates has been presented as evidence of airways obstruction in Montreal grain dock workers4 and in Saskatchewan grain elevator workers.5 Our survey of grain elevator workers in Thunder Bay showed a reduction in FVC and FEV, without significant differences in midflow rates,' a finding confirmed by Chan-Yeung et al in a study of Vancouver grain handlers.2 We also found a lower DLco in non-smoking grain handlers. Nevertheless, differences between the results of separate studies may be reconcilable, since we have shown that the results obtained in grain handlers may vary with seasonal changes in the activity of the industry.6 Also, our present report indicates that the pulmonary function of grain handlers may change according to the time of the day and the day of the week. Moreover, we also show here that changes in pulmonary function are directly related to the level of dust exposure.
PULMONARY FUNCTION CHANGES
Our results showed a morning to afternoon decrease in the Vmax5o%vc and Vmax25%vc of the grain handlers on Mondays and Wednesdays, without any associated decrease in FVC (table 3) . This change clearly reflects the appearance of airway obstruction within these shifts. The rise in flow rates on Friday afternoon may possibly be related to acclimatisation.
The FEV, is known to show a diurnal increase during the hours of the day in which our 1977 study was conducted.'920 A similar pattern has been described with the peak expiratory flow rate,2' and airway resistance has been shown to be lowest in the early afternoons.22 Nevertheless, an explanation appears to be required for our finding that the FEV, increased over the course of each shift while the other flow-related variables decreased (table 3) .
FEVI is influenced not only by the elastic recoil of lung and the resistance of intrapulmonary airways but also by the effort-dependent portion of a maximum forced expiration. Flow (and consequently volume change) which is generated in the effortdependent portion is a function of the strength, effort, and co-ordination of the subject as well as the resistance of the airways including the larynx. 23 Finally, the FEV, will depend on the FVC, being particularly affected by a change in TLC. This latter factor is unlikely to explain the increase in FEV, over a shift as no volume changes were documented (table 3) . We found, however, that a correlation existed between peak expiratory flow and FEV, whereas no correlation could be seen between peak flow and Vmax50%vc. We conclude that factors affecting the effort-dependent part of maximum forced expiration were responsible for this apparent discrepancy between the within-shift change in the Our results also showed a Monday to Friday decline in the FVC, and FEV,, Vmax5o%vc, and Vmax25%vc among the grain handlers (table 3) .
Such a change in FVC has been regarded as a function of a raised RV presumably due to airway closure as seen in some asthmatic reactions.24 This response, however, could also be found if TLC was reduced as a result of muscle weakness or decreased compliance of the lung or chest wall.
The obstructive changes detected among the grain workers were in fact found to be associated with a significant within-week decrease in the TLC, with parallel changes in the FRC and RV. Nevertheless, this measurement was obtained by the helium dilution method, and the possibility therefore arises that the within-week decreases in lung volume were an artifact due to maldistribution of the indicator gas caused by the associated airway obstruction. This appears to be unlikely, however, since the degree of obstruction was mild and the volume measurements were made with scrupulous attention to achieving full equilibration of the helium. Moreover, the civic workers, who showed obstruction of a comparable magnitude, did not undergo any diminution of lung volume. We interpret the obstructive change in the civic workers as likely to be related to dust exposure during the course of sanitation and road work.
We examined a group of 27 We attempted to define an exact dose-effect relationship between respirable dust exposure and within-day change in Vmax50%Vc or Vmax25%vc, by using the individual or pooled data for these variables. This was prevented in the case of the individual results, however, by the limited number of data points available for defining a curve and in the case of the pooled results by the pronounced heterogeneity of response between subjects.
Nevertheless, the magnitude of this response may be estimated from the median of the slope for all of the relationships, which indicated that 50% of the subjects underwent a daily decrease in their Vmax50%vc of at least 923 ml/s and in their VmaX25%VC of 310 mlIs, for each 1 mg/m3 increase in the concentration of respirable dust (table 6).
The effects of dust exposure on both the baseline and within-day changes in pulmonary function were observed with respirable dust but not with nonrespirable dust. This is not surpnsing, since we assume that the dust must gain access to the lungs in order to affect these parameters of pulmonary function, and this can occur more effectively with the material in the respirable fraction. The possibility therefore arises that air quality standards in the grain industry should be based on respirable dust. Suppression of this would also lower the nonrespirable fraction and mitigate its effects on parts of the body such as the nose, eyes, and skin.
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